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CONTROL APPARATUS FOR 
A FUEL CELL VEHICLE 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a control apparatus for a fuel cell vehicle. 
Description of the related art 

Conventionally, for example, a solid polymer membrane fuel cell is provided 
with a stack constructed by stacking a plurality of cells, where a cell is formed by 
sandwiching a solid polymer electrolyte membrane between a fuel electrode (anode) 
and an oxygen electrode (cathode). Hydrogen is supplied as the fuel to the fuel 
electrode and air is supplied to the oxygen electrode as the oxidizing agent, and 
hydrogen ions generated by the catalytic reaction at the fuel electrode migrate to the 
oxygen electrode by passing through the solid polymer catalytic membrane and cause an 
electrochemical reaction with the oxygen at the oxygen electrode to generate electricity. 

In addition, as a fuel cell vehicle having such a fuel cell mounted as a drive 
power source, a fuel cell vehicle is conventionally known that is provided with 
capacitors made of, for example, an electric double layer capacitor, an electrolytic 
capacitor, or the like, and carries out the transfer of electrical energy with the drive 
motor while accumulating the energy generated by the fuel cell (for example, Japanese 
Unexamined Patent Application, First Publication, No. 2001-357865). 

In this type of fuel cell vehicle, the capacitor is connected in parallel to the fuel 
cell via an output controller that controls the output current and the output voltage of the 
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fuel cell, and the operation of the output control is controlled depending on, for example, 
the condition of the fuel cell vehicle, the fuel cell, the capacitor, or the like. An 
example of the operation of the output control is the chopping operation of the output 
controller constructed by having a chopper-type power inverter circuit. 

However, in the fuel cell vehicle according to this one example of the 
conventional technology described above, a predetermined rated current is set for the 
charged current and the discharged current of the capacitor depending on the 
temperature of the capacitor, and the drive and regeneration of the drive motor is 
controlled such that a current that exceeds the rated current does not power the drive 
motor. 

However, when the drive and regeneration of the drive motor is controlled 
simply depending on the rated current of the capacitor, there are cases in which the 
current that powers the drive motor is excessively limited, and there is a concern that the 
drivability of the fuel cell vehicle will deteriorate. 

In consideration of the problems described above, it is an object of the present 
invention to provide a control apparatus for a fuel cell vehicle that can improve the 
drivability of the fuel cell vehicle while protecting the capacitor. 

SUMMARY OF THE INVENTION 
In order to attain the above object, according to the present invention, there is 
provided a control apparatus for a fuel cell vehicle including a drive motor that can 
drive the vehicle; a fuel cell that is supplied a reacting gas that undergoes an 
electrochemical reaction to generate electricity; a capacitor that is charged by a 
generated power of the fuel cell and regeneration power of the drive motor; a reacting 
gas supply means that supplies the reacting gas to the fuel cell; and an output control 
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means that controls an output current and output voltage of the fuel cell, comprising: a 
capacitor temperature detecting means that detects temperature of the capacitor; a 
maximum power setting means that sets a capacitor maximum power, which is a 
maximum value of the power for charging and discharging the capacitor, depending on 
the temperature of the capacitor; a motor power limiting value calculating means that 
calculates a motor power limiting value for a drive and regenerative motor power of the 
drive motor based on each of detected values of an output power of the fuel cell and a 
load power supplied to a load, excluding the drive motor, and the capacitor maximum 
power; a motor real power detecting means that detects a real power of the motor, which 
is the motor power actually supplied during drive and regeneration of the drive motor; 
and a motor power control means that controls the real power of the motor such that a 
detected value of the real power of the motor is equal to or less than the motor power 
limiting value. 

According to the control apparatus for the fuel vehicle having the structure 
described above, by controlling the real power of the motor based on the output power 
of the fuel cell and the maximimi power of the capacitor, in comparison, for example, to 
the case of controlling the real power of the motor according to only the maximum 
power of the capacitor, it is possible to prevent excessive limiting of the real power of 
the motor and improve the drivability of the fuel cell vehicle while protecting the 
capacitor. 

The above and other objects and features of the present invention will become 
more apparent from the following description taken in conjunction with the 
accompanying drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 
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Fig. 1 is a structural diagram of the control apparatus of the fuel cell vehicle 
according to an embodiment of the present invention 

Fig. 2 is a flow chart showing the operation of the control apparatus of the fiiel 
cell vehicle shown in Fig. 1 . 

Fig. 3 is a graph showing the maximum electrical power Pcapu that varies 
depending on the temperature Tcap of the capacitor. 

PREFERRED EMBODIMENTS OF THE PRESENT INVENTION 
The control apparatus for the fuel cell vehicle according to an embodiment of 
the present invention will now be described with reference to the drawings. 

As shown in Fig. 1, a control apparatus 10 for a fuel cell vehicle according to 
the present embodiment is provided with a fuel cell 1 1, a current/voltage controller 12, a 
capacitor 13, an output controller 14, a drive motor 15, a load 16, an S/C output 
controller 17, an air compressor (S/C) 1 8, a hydrogen tank 19a and a hydrogen supply 
valve 19b, a control apparatus 20, a fuel cell cell voltage sensor 21, an output current 
sensor 22, an output voltage sensor 23, a capacitor voltage sensor 24, a capacitor 
temperature sensor 25, a drive motor current sensor 26, an auxiliary device drive current 
sensor 27, an accelerator aperture sensor 31, an IG switch 32, and a velocity sensor 33. 

The fuel cell 1 1 is constructed by stacking a plurality of fuel cells having an 
electrolytic electrode structure in which a solid polymer electrolyte membrane made of 
a cation exchange membrane that is sandwiched between a fuel electrode (anode) 
consisting of an anode catalyst and a gas diffusion layer, and an oxygen electrode 
(cathode) consisting of a cathode catalyst and a gas diffusion layer, is further 
sandwiched between a pair of separators. 
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To the anode of the fiiel cell 11, a fuel gas (reacting gas) consisting of 
hydrogen is supplied via the hydrogen supply valve 19b from the high pressure 
hydrogen tank 19a, the hydrogen that is ionized by the catalytic reaction on the anode 
catalyst of the anode migrates to the cathode via the solid polymer electrolyte 
membrane that is suitably moistened, and the electrons generated by this migration is 
extracted by an external circuit and used as direct current electrical energy. To the 
cathode, for example, the air, which is the oxidizing agent (reacting gas) that includes 
oxygen, is supplied by the compressor (S/C) 1 8, and at this cathode, water is generated 
by a reaction between the hydrogen ions, the electrons, and the oxygen. 

The generated current (output current) extracted from the fuel cell 1 1 is input to 
the current/voltage controller 12, and the current/voltage controller 12 is connected to 
the capacitor 13 that is formed by a plurality of capacitor cells made of, for example, an 
electric double layer capacitor, a electrolytic capacitor, or the like, that are connected to 
each other in parallel. 

In addition, the fuel cell 1 1, the current/voltage controller 12, and the capacitor 
13 are connected in parallel to the drive motor 15 via the output controller 14, the load 
16 consisting of, for example, various auxiliary devices such as the cooling apparatus 41 
for the capacitor 13 and the fuel cell 1 1, an air conditioning apparatus (not shown), and 
the like, and the air compressor (S/C) 18 via the S/C output controller 17. 

The current/voltage controller 12 is provided with, for example, a chopper-type 
power inverter circuit, and the current value of the output current extracted from the fuel 
cell 1 1 is controlled, for example, by the chopping operation of the chopper-type power 
inverter circuit, that is, the ON/OFF operation of the switching element provided in the 
chopper-type power inverter circuit, and this chopping operation is controlled 
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depending on the duty, that is, the ON/OFF ratio, of the control pulse input from the 
control apparatus 20. 

For example, in the case that the extraction of the output current from the fuel 
cell 1 1 is prohibited, when the duty of the control pulse input from the control apparatus 
20 is set to 0%, the switching element provided in the chopper-type power inverter 
circuit is fixed in the OFF state, and the fuel cell 1 1 and the capacitor 13 are electrically 
disconnected. In contrast, when the duty of the control pulse is set to 100% and the 
switching element is fixed in the ON state, the fuel cell 1 1 and the capacitor 13 are in a 
connected state, and the output voltage of the fuel cell 1 1 and the voltage between the 
terminals of the capacitor 13 have equal values. 

In addition, when the duty of the control pulse is set at an appropriate value 
between 0% and 100%, the current/voltage controller 12 appropriately limits the output 
current of the fuel cell 1 1 that serves as the primary current depending on the duty of the 
control pulse, and outputs this current obtained by this limiting as a secondary current. 

The output controller 14 is provided with, for example, a PWM inverter that 
uses pulse width modulation (PMW), and controls the drive and the regeneration 
operations of the drive motor 15 depending on a control command output from the 
control apparatus 20. For example, while driving the drive motor 15, direct current 
power output from the current/voltage controller 12 and the capacitor 13 is supplied to 
the drive motor 15 after conversion to a three phase altemating current power based on 
a torque command input from the control apparatus 20. In contrast, during 
regeneration of the drive motor 15, the three-phase altemating current power output 
from the drive motor 15 is supplied to the capacitor 13 after conversion to direct current 
power, and thereby the capacitor 13 is charged. 
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Moreover, the drive motor 15 serves as an alternating current three-phase 
permanent-magnate synchronous motor that uses a permanent magnate as a magnetic 
field, and the drive thereof is controlled by the three-phase altemating current power 
supplied fi'om the output controller 14. At the same time, when the drive force is 
transmitted to the drive motor 15 side from the drive wheel side during deceleration of 
the vehicle, the drive motor 15 functions as a generator and generates what is termed 
regenerative breaking power, and the kinetic energy of the vehicle is recovered as 
electriceil energy. 

In addition, the air compressor 1 8 takes in and compresses the air from outside 
the vehicle, and supplies this air to the cathode of the fuel cell 1 1 as a reacting gas. 

The revolutions of the motor (not shown) that drives the air compressor 1 8 is 
controlled by the S/C output controller 17 provided with, for example, the PWM 
inverter that uses pulse width modulation (PWM), based on a control command input 
fi-om the control apparatus 20. 

The control apparatus 20 outputs a command value for the flow rate of the 
reacting gases supplied to the fuel cell 1 1 from the air compressor 18 and a command 
value for the aperture of the oxygen supply valve 19b based, for example, on the state of 
operation of the vehicle, the concentration of hydrogen included in the reacting gas 
supplied to the anode of the fuel cell 1 1, the concentration of the hydrogen included in 
the exhaust g£is discharged from the anode of the fuel cell 11, the voltage between the 
terminals of each of the plurality of fuel cell cells, or the output current extracted from 
the fuel cell 11, and thereby controls the state of the electrical generation of the fiael cell 
11. 

Then the control apparatus 20 outputs a control pulse that controls the power 
conversion operation of the current/voltage controller 12 based on the power generation 
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command for the fiiel cell 1 1 , and controls the current value of the output current 
extracted from the fuel cell 1 1 . 

In addition, the control apparatus 20 controls the power conversion operation 
of the PWM inverter provided in the output controller 14, and, for example, during the 
drive of the drive motor 1 5, calculates the torque command based on the signal 
indicating the degree that the accelerator is pressed according to the amount of the 
pressing action on the accelerator peddle by the driver. Then the control apparatus 20 
inputs this torque command to the output controller 14, and thereby the pulse width 
modulation signal that depends on the torque command is input into the PWM inverter, 
and each phase of the current for generating the requested torque is output to each phase 
of the drive motor 15. 

Then the control apparatus 20 controls the regeneration operation of the drive 
motor 15 based, for example, on the detected values of the state of the capacitor 13, for 
example, its temperature, and the total voltage, which is the sum of the capacitor cell 
voltages of the plurality of capacitor cells, that is, the voltage between the terminals of 
the capacitor 13. 

Thereby, input into the control apparatus 20 are: the detection signals output 
from the fiiel cell cell voltage sensor 21 that detects the voltage between the terminals of 
the each of the plurality of fuel cell cells (the fiiel cell cell voltage) that constitute the 
fiiel cell 1 1 ; the detected signal output from the output current sensor 22 that detects the 
current value of the output current extracted from the fiiel cell 1 1 ; the detected signal 
output from the output voltage censor 23 that detects the output voltage of the fiiel cell 
1 1; the detected signal output from the capacitor vohage sensor 24 that detects the 
voltage between the terminals of the capacitor 13; the detected signal output from the 
capacitor temperature sensor 25 that detects the temperature of the capacitor 13; the 
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detected signal output from the drive motor current sensor 26 that detects the current 
that powers the output controller 14; the detected signal output from the auxiliary device 
drive current sensor 27 that detects the current that powers the load 16 and the S/C 
output controller 17; the detected signal output from the accelerator aperture sensor 31; 
the signal output from the IG switch 32 that indicates the start of the operation of the 
vehicle; and the detected signal output from the velocity sensor 33 that detects the 
velocity of the vehicle. 

Next, as will be described below, the control apparatus 20 calculates the power 
that can be supplied to the capacitor 1 3 depending on the detected value of the 
temperature of the capacitor 13, that is, the capacitor maximum power Pcapu with 
respect to the charging or discharging of the capacitor 13. Then the control apparatus 
20 calculates the output power Ppc of the fuel cell 1 1 based, for exsimple, on each of the 
detected values of the output current and output voltage of the fiiel cell 1 1 . 
Subsequently, the control apparatus 20 calculates the real power of the motor Pmot that 
actually powers the drive motor 15 based on each of the detected values of the voltage 
between the terminals of the capacitor 13 and the current supplied to the output 
controller 14. Finally, the control apparatus 20 calculates the load power Pac based, 
for example, on each of the detected values of the voltage between the terminals of the 
capacitor 13 and the current supplied to the electrical load, excluding the drive motor 15, 
that is, the load 16, and the S/C output controller 17. 

In addition, the control apparatus 20 calculates the motor power limiting value 
Pmotu, which is the motor power that corresponds to the capacitor maximum power 
Pcapuj based on the output power Ppc of the fuel cell 1 1, the load power Pac supplied to 
the electrical load, excluding the drive motor 15, that is, the load 16, and the S/C output 
controller 1 7, and the capacitor maximum power Pcapu- 
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Additionally, in the case that the real power of the motor Pmot is larger than the 
motor power limiting value Pmotu, the control apparatus 20 outputs to the output 
controller 14 a control conmiand directing that the real power of the motor Mmot be 
made equal to the motor power limiting value Pmotu- 

The control apparatus 10 of the fuel cell vehicle according to the present 
embodiment is provided with the structure described above. Next, the operation of the 
control apparatus 10 for the fuel cell vehicle will be described with reference to the 
attached figures. 

First, for example, in step SOI shown in Fig. 2, the capacitor maximum power 
PcAPU is calculated depending on the detected value of the temperature of the capacitor 
13. Here, as shown, for example, in Fig. 3, the capacitor maximum power Pcapu? 
which corresponds to the detected value of the temperature of the capacitor 13, is 
calculated based on a predetermined table of the capacitor maximum power Pcapu that 
varies depending on the temperature Tcap of the capacitor 13. 

Next, in step S 02, the motor power limiting value Pmotu, which is the motor 
power that corresponds to the capacitor maximum power Pcapu* is calculated, as shown, 
for example, in the following equation 1, based on the output power Pfc of the fuel cell 
1 1 that is calculated based, for example, on each of the detected values of the output 
current and the output voltage of the fuel cell 11, and the load power Pac that is 
calculated based, for example, on each of the detected values of the voltage between the 
terminals of the capacitor 13 and the current supplied to the electrical load, excluding 
the drive motor 1 5, that is, the load 16, and the S/C output controller 17, and the 
capacitor maximum power Pcapu- 



Equation 1 
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Pmotu - Pfc+Pcapu-Pac 

In step S 03, the real power of the motor Pmot that actually powers the drive 
motor 15 is calculated based, for example, on each of the detected values of the voltage 
between the terminals of the capacitor 13 and the current supplied to the output 
controller 14. 

Next, in step S 04, whether or not the real power of the motor Pmot is larger 
than the motor power limiting value Pmotu is determined. 

In the case that the result of the determination is NO, the processing sequence 

ends. 

In contrast, in the case that the result of the determination is YES, the 
processing proceeds to step S 05. 

In step S 05, a control command directing that the real power of the motor 
Pmot be made equal to the motor power limiting value Pmotu is output to the output 
controller 14, and the processing sequence ends. 

As described above, according to the control apparatus 1 0 for a fuel cell vehicle 
according to this embodiment, by controlling the real power of the motor Pmot actually 
supplied to the drive motor 15 based on the output power Ppc of the fuel cell 1 1, the 
load power Pac supplied to the electrical load, excluding the drive motor 15, and the 
capacitor maximimi power Pcapu, in comparison, for example, to controlling the real 
power of the motor Pmot based on only the capacitor maximum power Pcapu, it is 
possible to prevent the excessive limiting of the real power of the motor Pmot, and 
improve the drivability of the fuel cell vehicle while protecting the capacitor 13. 



